Many authors believe, for instance, that the unresponsiveness to mercurials in certain cases of severe congestive hea-t failure is due to a marked decrease in the filtered load of sodium, chloride, and water.2-4 Evidence, however, is still limited that such a mechanism plays a major role in patients clinically resistant to diuretics. The importance of extrarenal factors, like adrenal cortical hormones, on the tubular reabsorption of sodium should not be underestimated. Patients with neplhrotic syndrome and normal glomerular filtration rate may respond very poorly to merallui ide, whereas in other subjects the same drugr produces a good diuresis in spite of a low glomerular filtration rate. 5 On the other hand, most experiments designed to demonstrate the role of a reduction in glomerular filtration rate on the responsiveness to diuretics have been performed in normal animals, in which the blood supply of the kidney was acutely restricted. 2' 6 Little work has been done so far to compare the efficacy of diuretics in patients suffering, from renal disease with different degrees of functional impairment. The present experiments were designed to investigate the effects of a chronic reduction of the glomerular filtration rate on the responsiveness to chlorothiazide and meralluride.
Material and Methods
Only patients without edema and without heart failure were selected in order to minimize variations due to tubular and extrarenal factors. Since most subjects with low filtration rate had also some degree of arterial hypertension, it was not possible to exclude cases with high blood pressure from this From the Medical Policlinic, University of Bcrne, Switzerland. study. It seemed desirable, therefore, to include also hypertensive patients with normal or slightly reduced filtration rate.
Twenty-four individuals were studied. The group consisted of 12 patients with chronic pyelonephritis, 4 with subacute or chronic glomnerulonephritis, 3 with essential hypertension, 1 with diabetic glomeruloselerosis, 1 with nephrolithiasis, and 3 subjects without renal disease. Thirteen subjects had a normal blood pressure, 11. had some degree of hypertension. The nonprotein nitrogen was either within normal range or increased.
The study was performed in the morning with the patient reimaining in bed. After catheterizotion of the blhdder, a priming infusion of inulin in saline wlas given intravenously. This was followed by the constant infusion of a solution containing 6 Gm,,. of iniulin in 1,000 iuil. of 0 9 per cent sodium chloride. This sustaining infusion was given at a rate of 8 mfll. per minute per 1.73 AM.2, so that the patient received 1,230 utEq. per minute per 1.73 M.'2 of sodium during the whole procedure.
Urine and bflood samples were first collected in 2 or Under control conditions the urinary flow was not related to the glomerular filtration rate. In all patients with a glomerular filtration rate above 15 to 20 ml. per minute, chlorothiazide elicited a prompt diuretic response. In most cases the highest rate of urinary flow was already reached during the first period after injection. In the following periods the diuresis was either sustained or decreased slowly. The highest urinary flow was observed in patient 2, with an inulin clearance of 123 ml. per minute. But in most patients with a glomerular filtration rate above 15 to 20 ml. per minute the urinary flow after chlorothiazide increased to 4 to 6 ml. per minute, these values bearing no relationship to the glomerular filtration rate itself. In patients with a very low glomerular filtration rate, however, the diuretic response was poor (patients 11 and 12) .
When the tubular reabsorption of water is calculated from these data, it appears that with decreasing glomerular filtration rate the drug blocks an increasing fraction of the water reabsorption, so that at different levels of glomerular filtration rate the diuretic effect remains of the same order of magnitude. The tubular reabsorption obviously cannot be blocked by more than 40 per cent of the filtered water load. At this point a further drop in glomerular filtration rate results in a sharp decrease in the diuretic effect. Sodium excretion before and after chlorothiazide in 13 patients (same experiments as in fig. 1 ).
Effect on Potassium Excretion
Whereas the diuretic and saluretic effect after chlorothiazide was usually sustained and lasted during the whole experiment, the kaliuretic effect was of short duration and obvious only during the first 2 periods after injection of the drug. We have, therefore, considered only these 2 periods in table 1 and figure 4. From our data the degree of kaliuresis after chlorothiazide appears almost proportional to the glomerular filtration rate. At low filtration rates there was no increase in kaliuresis above the control values.
Experiments with Meralluride Alone (Table 2) There was no consistent change in blood pressure. In most cases a slight increase in glomerular filtration rate was observed. Although a kaliuretic effect was entirely lacking, the diuretic and saluretic response was very similar to that seen after chlorothiazide. Potassium excretion before and after chlorothiazide in 12 patients. The kaliuretic action is proportional to the glomerular filtration rate.
tion of filtered water seemed to be limited to 44 per cent.
Effect on Sodium and Chloride Excretion and Reabsorption
The saluretic effect of chlorothiazide was also markedly enhanced by the previous administration of the mercurial in the 2 patients with normal glomerular filtration rate, suggesting summation of the individual effects. The 2 patients in whom the glomerular filtration was moderately reduced showed a response comparable to that seen after meralluride alone. In patient 5 fig. 9, line B' ). However, when Salyrgan Urinary flow before and after ml Chloride excretion before and after meralluride in S patients (same experiments as in figs. 5 figure 9 we have drawn the experimental curve F as a coarse visual approximation from data in tables 1 and 2. This curve lies rather close to the tracing DE, differing from the latter only in two respects: the line F shows a smooth inflexion instead of the sharp angulation seen in tracing DE and its upper part is neither linear nor quite horizontal. We believe that these differences can be best explained by assuming a certain dispersion in the glomerulo-tubular activity. A comparison with glucose titration curves obtained by Smith' The striking influence of a chronic reduction of the glomerular filtration upon the kaliuretic effect of chlorothiazide is not too surprising. The simplest explanation of our findings is to assume that the increased tubular rejection of sodium observed at low filtration rates leaves only a small amount of this electrolyte available for exchange with potassium. The observation that the kaliuretic response decreases almost proportionately to the glomerular filtration rate is not in agreement with the data reported in animals." But the discrepancy between the results in animals and our data may arise from the different behavior of the rejected fraction of sodium in the two types of experiments: this fraction was increased in our patients, but decreased or was unchanged in the dogs. 6 The inhibitory effect of mercurials on chlorothiazide kaliuresis might be due to a similar mechanism. The previous administration of meralluride enhances the natriuretic properties of chlorothiazide and increases the tubular rejection of sodium. This might reduce the amount of sodium available for exchange with potassium and therefore decrease the excretion of the latter. An alternative and perhaps more likely explanation is to attribute to mercurial compounds a specific inhibitory effect on the potassium secretion itself.'3 It should be kept in mind, however, that under clinical conditions, mercurial agents do not always block the excretion of potassium. Patients with cirrhosis of the liver and nephrotic syndrome may respond to meralluride with an increased potassium output, instead of saluresis. 5 The practical significance of our findings is with a reduction of the rejected fraction. This in turn depends largely on extrarenal factors rather than on the level of filtration.
The well-known kaliuretic effect of chiorothiazide, which may be very disturbing during the course of sustained therapy, becomes less important when the glomerular filtration is substantially reduced. Since meralluride appears to be capable of blocking this effect and also markedly enhances the saluretic properties of chlorothiazide in patients with high filtration rate, the combination of both drugs seems to be advisable in such patients.
Finally, it must be noted that a single injection of chlorothiazide does not lower the arterial blood pressure, even in hypertensive patients. This is in agreement with observationms inade by others.15 Our patients were studied, however, under conditions of loading with saline, which may well explain the lack of any hypotensive effect related to saluresis.
Summary
Clearance experiments have been performed in 24 subjects with different levels of glomerular filtration, suffering from renal disease without edema, in order to compare the diuretic, saluretic, and kaliuretic responses to a singple intravenous injection of meralluride, chlorothiazide, or both together. The inulin clearances of these patients ranged from 5.9 to 135 ml. per minute. The effects of the drugs were studied under constant loading with saline over 3 hours after injection.
Our results indicate that over a wide range (15 to 20 ml. per minute up to normal values) a permanent reduction of the glomerular filtration rate has little influence on the diuretic and saluretic effects of meralluride or chlorothiazide. Below 15 to 20 ml. per minute a further reduction results in a sharp decrease in the diuretic and saluretic actions. This call be best explained by assuming that the diuretic agents block an increasing fraction or the tubular reabsorption of water, sodium, and chloride related to the decrease in glomerular filtration rate. This fraction, however, seems to be limited to 30 to 40 per cent of the filtered load. Some dispersion in the glomerulo-tubular activity may account for the splay of the experimental curves.
The kaliuretic effect of chlorothiazide is proportional to the glomerular filtration rate. This effect can be blocked by meralluride.
At high levels of glomerular filtration the diuretic and saluretic actions of meralluride and chlorothiazide are additive. At lower levels of filtration, such a summation effect is not demonstrable. Apparently, both drugs given together cannot block the reabsorption of more than 30 to 40 per cent of the filtered load.
A single injection of chlorothiazide does not lower the arterial blood pressure of hypertensive subjects, loaded with saline, but produces a slight decrease in the glomerular filtration rate, averaging 7 per cent.
